ABSTRACT
explained by its fortuitous lead in systemic spread, coupled with its resistance to superinfection of 23 other variants. We analyzed the fate of a multi-variant turnip crinkle virus (TCV) population in . It was also suggested that cross-protection might play an 52 important role in shaping the population structures of RNA plant viruses 3 . Cross-protection refers 53 to the specific protection against a virus in host plants pre-inoculated with a mild isolate of the 54 same virus 10, 11 . Mechanistically, cross-protection was once thought to be caused homology-based 55 RNA silencing, although this notion has been challenged by several more recent studies 9,12-14,38.
56
RNA silencing-based defense enlists a complex set of proteins to combat intracellular parasites DNA, silencing the corresponding genes or genetic elements 16, 17 .
64
Cross-protection may also be mechanistically related to superinfection resistance, also 65 known as superinfection exclusion 9, 18 . Superinfection resistance describes the inability of a virus 66 to invade cells/tissues/organisms pre-infected by the same or a closely related virus, regardless of 67 the severity of symptoms ofcaused by the pre-existing virus 9, 18, 19 . In contrast to cross protection 68 which has been associated mostly with plant virus infections, sSuperinfection resistance was . However, a possible relationship between 73 superinfection resistance and the enrichment of a random few viral variants was not examined in 74 these studies.
75
In the current report, we undertook a systematic investigation to uncover the mechanism of with the 5' proximal P28 and its readthrough product (P88) being implicated in viral genome 81 replication. They are followed immediately by two small proteins (P8 and P9) that are essential for 82 viral cell-to-cell movement, and the 3' proximal P38 which is both the capsid protein (CP) Table 2 ). This raised the possibility that more variants could be detected by using more sensitive The SLs were then examined with Northern blot hybridizations using variant-specific
196
probes. We first examined the ILs to ensure both inocula led to successful infections. As shown in in which the variant I was introduced at zero or six hours later than A (Fig. 3C, lanes 4-9) .
220
However, a 12-hour interval was enough to cause consistent dominance of the earlier variant (A) that P28-GFP mRNAs were partially susceptible to siRNAs derived from wt TCV infections.
281
However, this did not abolish the accumulation of P28-GFP protein, as indicated by confocal 282 microscopy ( Fig. 5D) , as well as Western blotting with a GFP antibody (Fig. 5F, lanes 9 -12) . CarMV-GFP and P28-GFP). In conclusion, the highly specific repression of secondary TCV
292
variants by their pre-existing counterparts occurred in the leaves they encounter each other, and it
293
could not be adequately explained solely by RNA silencing. SLs pre-infected with wt TCV robustly repressed the multiplication of a secondary TCV variant at TCV-KpnI (Fig. 1A) . Nine different 21 nt fragment were then inserted at the KpnI site to create 385 variants A -I (Fig. 1A) . All constructs were sequenced to confirm their identities. The TCV-GFP 386 construct reported in earlier studies 24, 26 was modified in the current study by fusing an HA-epitope Statistics. The occurrence of a given viral variant clone among all clones sequenced was 425 treated as binomial events, and the observed frequencies were used to calculate the binomial 426 probability relative to an approximated expected frequency of 0.11 (1/9)
427
(http://stattrek.com/online-calculator/binomial.aspx). The bold numbers in Tables 1 and 2 
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568
These samples were then separated on a denaturing agarose gel, transferred to Nylon membranes,
569
and subjected to hybridizations with 32P-labeled oligo probes specific for each variant. C. 
594
The size bar = 100 µm. E. The levels of wt TCV gRNA and that of TCV-GFP, CarMV-GFP, 
